Saccharopolyspora indica sp. nov., an actinomycete isolated from the rhizosphere of Callistemon citrinus (Curtis) Electron Microscope Facility, NIN, Tarnaka, Hyderabad-500007, Andhra Pradesh, India
The genus Saccharopolyspora was first described by Lacey & Goodfellow (1975) and was assigned to the family Pseudonocardiaceae (Warwick et al., 1994) . At the time of writing, the genus consists of 21 recognized species, namely Saccharopolyspora hirsuta (Lacey & Goodfellow, 1975) , S. erythraea (Labeda, 1987) , S. taberi and S. rectivirgula (Korn-Wendisch et al., 1989) , S. gregorii and S. hordei (Goodfellow et al., 1989) , S. spinosa (Mertz & Yao, 1990) , S. spinosporotrichia (Zhou et al., 1998) , S. flava and S. thermophila (Lu et al., 2001) , S. antimicrobica (Yuan et al., 2008) , S. shandongensis , S. cebuensis (Pimentel-Elardo et al., 2008) , S. halophila (Tang et al., 2009a) , S. jiangxiensis (Zhang et al., 2009) , S. tripterygii (Li et al., 2009) , S. rosea (Yassin, 2009) , S. qijiaojingensis (Tang et al., 2009b) , S. gloriosae (Qin et al., 2010) , S. phatthalungensis (Duangmal et al., 2010) and S. lacisalsi (Guan et al., 2011) . Four additional species, 'S. endophytica' (Qin et al., 2008) , 'S. pathumthaniensis' (Sinma et al., 2011) , 'S. dendranthemae' (Zhang et al., 2013) and 'S. cavernae' (Cheng et al., 2013) , have been published but the names that are yet to be validly published. In the present study, we describe the taxonomic characterization of a novel species of the genus Saccharopolyspora.
(GPS coordinates for the sampling site: 28 u 369 500 N 77 u 129 320 E), with the prospect that they might produce novel antimicrobial agents. Soil samples were collected in sterile tubes and brought to the laboratory of Osmania University, Hyderabad, India. Samples were dried in laminar flow under aseptic conditions. By using the serial dilution technique, samples were made up to 10 25 dilutions, and 0.1 ml suspension from each dilution was spread on yeast extract-malt extract agar [International Streptomyces Project (ISP) 2 media] (Shirling & Gottlieb, 1966) . The plates were observed intermittently during incubation. Pinpoint colonies with a clear zone of inhibition and dominant purplishred colour were selected and maintained on ISP 2 at 4 u C and as glycerol suspensions (20 %, v/v) at 220 u C.
Growth and cultural characteristics were observed on ISP 1 to ISP 9 medium and also on nutrient agar, potato-dextrose agar, Czapek's agar, starch-casein agar and 5 % skimmed milk agar after incubation at 30 uC for 14 days. For morphological characterization, 14-day cultures on ISP 2 medium were used. The coverslip technique (Zhou et al., 1998) was used to observe hyphae and spore chains by light microscopy (BH-2; Olympus). Spore texture, spore-chain morphology and spore ornamentation were studied by scanning electron microscopy (S-3700N, Hitachi) at 15.0 kV and all images were digitally recorded (Fig. 1 ). Specimens were prepared according to Williams & Davies (1967) with the slight modification of using carbon tape for adhesion of coverslip to steel stub. Finally the sample was sputtered with gold (E-1010 ion sputter; Hitachi). The colours of substrate and aerial mycelia and soluble pigments were determined by comparison with chips from the InterSociety Color Council -National Bureau of Standards (ISCC-NBS) colour charts (Kelly, 1964) . A range of physiological tests such as growth at different temperatures (4, 10, 15, 20, 28, 35, 40 and 45 u C), pH (4.0-9.0) and NaCl concentrations (3, 5, 7, 10, 12 and 15 %, w/v) were examined on ISP 2 medium. Biochemical characteristics, assimilation of carbon sources, H 2 S production and sensitivity of the strain to different antibiotics were determined according to procedures of Lacey & Goodfellow (1975) and Zhou et al. (1998) .
Biomass for molecular and chemosystematic studies was obtained after incubation in shake flasks of trypticase soy broth (TSB; Hi-Media) at 30 u C for 7 days. The isomer type of diaminopimelic acid in the cell-wall peptidoglycan was determined by the method of Hasegawa et al. (1983) . Fatty acid methyl ester analysis was determined by the method of Sasser (1990) , using MIDI Sherlock version 6.0 and MIDI database RTSBA6. Polar lipids were extracted and analysed according to the method described by Komagata & Suzuki (1987) . Mycolic acids were tested by the acid methanolysis method of Minnikin et al. (1979 Minnikin et al. ( , 1980 . Menaquinones were extracted and examined by using the method of Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Whole-cell sugars were studied as described by Staneck & Roberts (1974) . The G+C content of the DNA was determined by the method of Mesbah et al. (1989) .
Genomic DNA was extracted as described previously by Marmur (1961) . The 16S rRNA gene was amplified using the bacterial universal primers and sequencing was performed under contract by Macrogen (Seoul, Korea) using a 3730XL DNA analyser (Applied Biosystems). The resulting 16S rRNA gene sequence was aligned with closely related sequences belonging to the genus Saccharopolyspora, by using CLUSTAL W software (Larkin et al., 2007) . Pairwise evolutionary distances were calculated using the DNADIST program with Kimura's two-parameter model (Kimura, 1980) . Multiple sequence alignments with the most closely related species of the genus Saccharopolyspora were carried out using the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . Phylogenetic tree analysis was performed using MEGA5 software . The phylogenetic relationship between the novel isolate and closely related strains was investigated using the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) algorithms. The stability of the clades in the trees was appraised using a bootstrap analysis with 1000 repeats (Felsenstein, 1985) . DNA-DNA hybridization was performed by using a dot-blot hybridization method (Chung et al., 1999) and a simple fluorimetric method for estimation of DNA-DNA relatedness was based on thermal denaturation temperatures (Gonzalez & Saiz-Jimenez, 2005) . DNA-DNA relatedness was calculated as the mean of triplicate measurements.
Strain VRC122
T exhibited good growth on ISP 1, ISP 2, ISP 4, ISP 5, ISP 6, ISP 7, ISP 9, 5 % skimmed milk and nutrient agars. Sparse growth was observed on ISP 3, Czapek's and starch-casein agars. Extensively branched, reddish-brown substrate mycelium with purplish-pink aerial mycelium was well-developed. Purplish-red diffusible pigments were produced on all tested media. Growth of strain 
VRC122
T occurred in the presence of 0-15 % (w/v) NaCl (optimum 5 %), at pH 4-9 (optimum pH 7) and at 4-40 u C (optimum 30 u C). The morphological and physiological characteristics described above are consistent with those of the genus Saccharopolyspora. Detailed physiological and biochemical properties are given in the species description and in Table 1 . Strain VRC122
T could be distinguished from its closest relatives by many phenotypic characteristics, including differences in the utilization of sole carbon and nitrogen sources, degradation activity and different cultural characteristics on tested media. Unlike the three nearest recognized species of the genus Saccharopolyspora species, strain VRC122
T was positive for chitin degradation, negative for growth at 45 u C and tolerated up to 15 % (w/v) NaCl. The major cellular fatty acids were C 14 : 0 (9.62 %), C 16 : 0 (14.36 %), iso-C 15 : 0 (10.05 %), iso-C 16 : 0 (11.87 %), iso-C 17 : 0 (9.20 %), anteiso-C 15 : 0 (6.11 %), anteiso-C 17 : 0 (6.30 %), C 17 : 0 cyclo (9.70 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 4.09 %) ( Table 2 ). The cell-wall peptidoglycan contained meso-diaminopimelic acid. Wholecell sugars were arabinose, galactose, glucose and xylose. Mycolic acids were not found. Strain VRC122 T contained diphosphatidylglycerol, phosphatidylinositol and phosphatidylcholine as the major polar lipids. The menaquinones were MK-9(H 6 ) as the predominant one and MK-9(H 4 ) as a minor component.
An almost-complete 16S rRNA gene sequence of strain VRC122 T (1485 bp) was generated. Phylogenetic tree analysis based on 16S rRNA gene sequences revealed that strain VRC122
T belonged to the genus Saccharopolyspora. The phylogenetic tree based on the neighbour-joining algorithm showed that strain VRC122
T formed distinct line with Saccharopolyspora hirsuta subsp. . All data are from this study. All strains are positive for growth on D-galactose, maltose and sucrose as a sole carbon source. Pk, purplish-pink; rBr, reddish-brown; pR, purplish-red; W, white; C, colourless; O, orange; P, pink; R, red; Bf, buff; Y, yellow; +, positive; 2, negative. T were determined to be 30 % (mean value, SD 2.5 %), 22 % (mean value, SD 1.8 %) and 25 % (mean value, SD 1.7 %), respectively, which were much lower than the 70 % threshold value for the delineation of genomic species recommended by Wayne et al., (1987 T were determined to be 7.5 u C, 6.0 u C and 6.1 u C, respectively. DTm values between the homoduplex and hybrid DNA of 5 u C or higher were considered as indicative of different genomic species. This clearly indicated that the strain VRC122
T represents a different genomic species.
Besides the genotypic evidence, strain VRC122 T could also be distinguished from its closest relatives by additional phenotypic characteristics. The spore surface of S. hirsuta subsp. kobensis JCM 9109
T has a hairy nature and that of S. antimicrobica KCTC 19303 T has a rough nature whereas the spore surface of strain VRC122
T is smooth. S. jiangxiensis JCM 14613
T does not produce soluble pigment but strain VRC122
T produces purplish-red pigments on all tested media, whereas diffusible pigments produced by S. hirsuta subsp. T represents a novel species of the genus Saccharopolyspora, for which the name Saccharopolyspora indica sp. nov. is proposed.
Description of Saccharopolyspora indica sp. nov.
Saccharopolyspora indica (in9di.ca. L. fem. adj. indica of India, Indian).
Aerobic, Gram-stain-positive, non-motile, non-acid-alcohol-fast actinomycete that forms purplish-pink aerial mycelium and reddish-brown substrate mycelium. Purplish-red diffusible pigment is produced on all tested media. Spore surface is smooth. Colony size is small, 2-4 mm, the colony grows into the agar, opacity is translucent, margin is entire, elevation is flat. In broth media it grows all over the medium and colour changes to dark maroon. Melanoid pigments are produced. Good growth is observed on ISP 1, ISP 2, ISP 4, ISP 5, ISP 6, ISP 7, ISP 9, 5 % skimmed milk and nutrient agars with purplishpink aerial and reddish-brown substrate mycelium. Sparse growth is observed on ISP 3, Czapek's and starch-casein agars, and no growth is observed on potato-dextrose agar. The temperature range for growth is 4-40 uC, (optimum 30 u C). Grows at pH 4.0-9.0 (optimum pH 7.0) and in the presence of 0-15 % (w/v) NaCl (optimum 5 %). Growth is not observed in the presence of inhibitory compounds such as lysozyme (0.005 %, w/v), potassium tellurite (0.005 %, w/v), phenol (1.5 %, w/v) and sodium azide (0.001 %, w/v). ). Positive result in tests for catalase and oxidase activities, ONPG, utilization of lysine, ornithine, citrate and malonate, Voges-Proskauer reaction, urease, phenylalanine deamination, indole, aesculin hydrolysis and methyl red reaction. Acid is produced from glucose, inositol, sorbitol and mannitol, but not from arabinose, xylose, adonitol, rhamnose or lactose. Nitrate is reduced to nitrite and H 2 S gas is produced. Utilizes a variety of organic compounds as sole carbon sources, including inulin, glycerol, salicin, dulcitol, inositol, sorbitol, mannitol, arbitol, erythritol and methyl a-D-glucoside, but not sodium gluconate, cellobiose, melibiose, raffinose or trehalose. Utilizes a variety of organic compounds as sole nitrogen sources, including arginine, asparagine, histidine, methionine, proline and tyrosine, but not the remaining amino acids: glycine, alanine, valine, leucine, isoleucine, serine, threonine, cysteine, phenylalanine, tryptophan, lysine, glutamine and aspartic acid including L-creatinine. In tests for decarboxylation of sodium salts, positive results observed for sodium acetate, sodium oxalate, sodium succinate and sodium tartrate; negative results for sodium propionate and sodium benzoate. Positive result in tests for gelatin liquefaction, milk coagulation, peptonization and also for hydrolysis of starch, Tweens 20, 40, 60 and 80 and aesculin. Able to degrade adenine, casein, chitin, elastin, starch, urea, tyrosine, xanthine and hypoxanthine. Saccharopolyspora indica sp. nov.
